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About me 
•  Benjamin Schröder 
•  28 years old 
•  Studies at University of Wuppertal: 
•  B.Sc. Safety Engineering 
•  M.Sc. Fire Protection Engineering 
•  Profession: 
•  2011-2013 Siemens AG 
•  since 2013 Forschungszentrum Jülich 
•  Voluntary fire department 
•  running, vintage bikes 
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Wuppertal 
 
 
Jülich 
Jena 
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Jülich Research Centre 
•  the biggest research centre in Germany  
•  located between Aachen and Cologne 
•  area: 2.2 km2 
§  Staff: 5000 Persons 
-  1750 scientists 
-  1650 technical staff 
-  650 project management 
-  650 service and administration 
-  300 trainees  
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JSC - Jülich Supercomputing Centre 
•  Europe’s largest computing centre with +200 employees 
•  operation and development of high performance computing (HPC) systems 
•  development and application of software tools and scientific applications on 
HPC systems 
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Division Civil Security and Traffic 
Pedestrian Dynamics    Fire Simulation    Traffic 
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University of Wuppertal 
Headed by Professor Seyfried 
Faculty Architecture and 
Civil Engineering  
Lectures:  
•  Fire and Evacuation 
Simulation 
•  Evacuation Design 
•  Informatics for Engineers 
•  Computer Simulation in 
Science 
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Pedestrian Simulation 
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Pedestrian Dynamics 
IAS Series 
Volume 17
ISBN 978-3-89336-865-5
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Route Choice Modelling and Runtime Optimisation for Simulation 
of Building Evacuation
Armel Ulrich Kemloh Wagoum
Increasing number of visitors at large-scale events combined with the increasing complexity 
of modern buildings set a major challenge for planners, operators and emergency services. 
Examples include multi-purpose arenas, large railway stations and airports. In this dissertation 
the use of modern parallel hardware in combination with optimised algorithms are for the first 
time used on site to speed up the simulation of large crowds. The aim is to perform real-time 
forecasts of pedestrian traffic. For this purpose, special neighbourhood lists and a two-stage 
hybrid parallelisation are used. The second part of this dissertation deals with route choice in 
complex structures, which plays an important role in achieving realistic computer simulations of 
pedestrian flows. The developed route choice process is based on visibility and perception of the 
local environment by the simulated agents. It has as basis a navigation graph. The generation of 
the graph, especially in complex structures, has also been performed within the framework of this 
thesis. The work is closed with an empirical study in which the route choice profiles of specta-
tors during various football games and concert performances are analysed and compared with 
the proposed model.The runtime optimisation strategies and route choice algorithms have been 
successfully tested in the ESPRIT arena in Düsseldorf (Germany), where they have been 
integrated in an evacuation assistant.
This publication was edited at the Jülich Supercomputing Centre (JSC) which is an integral part 
of the Institute for Advanced Simulation (IAS). The IAS combines the Jülich simulation sciences 
and the supercomputer facility in one organizational unit. It includes those parts of the scientific 
institutes at Forschungszentrum Jülich which use simulation on supercomputers as their main 
research methodology.
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Pedestrian Dynamics - Experiments 
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Pedestrian Simulation 
•  Development and maintenance of JuPedSim 
(Jülich Pedestrian Simulator) 
•  Idea: Provide a comprehensive open-source 
framework as a “playground” to academia  
•  JPScore, JPSvis, JPSreport, JPSeditor 
•  Written in C++ 
•  www.jupedsim.org 
•  Jenkins Testing 
•  git repository 
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Pedestrian Simulation – Operational models 
•  Gompertz 
•  GCFM 
•  Tordeux 
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Pedestrian Simulation – Routing models 
•  Shortest Path 
•  Quickest Path 
•  Cognitive Map 
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Pedestrian Simulation – Wayfinding 
•  Shortest path algorithms 
•  Travel time optimizations 
•  Minimum effort calculations 
Assumption: 
 All agents have fulfilled, global 
 knowledge about environment‘s 
 spatial structure L 
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Pedestrian Simulation – Wayfinding 
•  Mental representation of spatial structure 
•  Landmarks in the map represented by ellipses to model 
inaccuracy 
 
Empire	  State	  
Building	  
Central	  Park	  
Hudson	  River	  
Access	  to	  
motorway	   Home	  
East	  River	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Pedestrian Simulation – Wayfinding 
•  at the very beginning 
•  Laboratory experiments data vs. VR 
•  current work:  
•  Wayfinding in complex  
environments 
•  Rendering  
of fire simulation data 
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Pedestrian Simulation – Traffic 
•  intermodal traffic 
•  hybrid simulation (macroscopic + microscopic) 
M
itg
lie
d 
de
r H
el
m
ho
ltz
-G
em
ei
ns
ch
af
t 
Pedestrian Simulation & Fire Simulation 
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Research – Pedestrian Simulation 
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Pedestrian Simulation & Fire Simulation 
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Pedestrian Simulation & JPSreport 
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Pedestrian Simulation & JPSreport 
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Fire Simulation 
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Fire Simulation 
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Fire Simulation 
•  NIST’s Fire Dynamics Simulator (FDS) 
•  Multiple fire scenarios 
•  location 
•  design fire  
•  Climatic 
conditions 
•  underground  
temperature 
•  surface  
temperature 
•  LHS Sampling 
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Fire Simulation 
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Fire Simulation 
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(My) research 
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Translated acronym: optimisation of smoke 
management and escape routes in underground 
stations: experimentation and simulation. 
Call: “Civil Security – Protection and Rescue in 
complex scenarios” 
3 work packages: 
1.  Current State 
2.  Optimisation of smoke management 
(…) 
2.4 Escape routes: resilience and handicapped persons 
(…) 
3.  Rescue operations and crisis management 
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Research – Problem definition 
•  Life safety assessment with ASET / RSET concept 
ASET > RSET + safety margin 
•  ASET: Fire Simulation 
•  RSET: Evacuation Simulation 
•  Thresholds for ASET 
•  optical density  
•  temperature / radiation 
•  toxicology 
à  local + temporal resolution? 
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Research – Problem definition 
subsystem 
 
fire  
simulation 
subsystem 
 
evacuation 
simulation 
main system 
 
life safety in 
case of fire 
worst-credible 
scenario  
(fire) 
worst-credible 
scenario 
(evacuation) 
worst-credible 
scenario 
(main system) ? 
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Research – Basic Idea 
Latin-
Hypercube-
Sampling 
parameter 
a 
fire parameter b 
parameter 
c 
Latin-
Hypercube-
Sampling 
design fire 
fire location surface temperature 
underground 
temperature 
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Research – Putting it together 
scenarios 
ped + fire 
Design of 
Experiment 
trajectories  
+ 
CFD data 
Data 
Processing 
performance 
criteria 
Risk 
Analyses 
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Pedestrian Simulation 
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Motivation & Goals 
•  exchange about pedestrian dynamics  
•  modelling 
•  experimentation 
•  analysis 
•  your department’s expertise in data mining and 
databases 
•  retrieval, analysis, and visualization of data for analysis and 
pattern discovery 
•  linguistic advances 
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Motivation & Goals 
•  Design of Experiment 
•  resolve ASET/RSET locally and temporally  
•  localise and quantify jam areas 
•  determine difference between  
trajectories 
•  … others? 
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Thank you! 
